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Further illustratively according to this aspect of the invention, treated 
tissue is reabsorbed by the body over a relatively longer period of time. 

Additionally or alternatively iUustratively according to this aspect of 
the invention, if cavitation is the mechanism of treatment, treated tissue is 

5 mechanically destroyed. 

Illustratively according to this aspect of the invention, a mechanism, 
such as a flushing fluid flow or irrigation with or without a continuous vacuum assist, 
is provided to remove the debris occasioned by the cavitation debridement. As an 
alternative to continuous vacuum assist, a flushing fluid flow may be directed into the 
10 body of the patient undergoing treatment, for example, toward the bladder of a patient 
undergoing treatment of the prostate, for example, to flush debris into the bladder. 
The tissue debris may, for example, then be removed during treatment with or without 
the application of a vacuum, or after treatment when the patient's bladder is voided. 

Further illustratively according to this aspect of the invention, the 
15 visualization may be optical, for example, by providing an optical fiber in the catheter 
and providing a light source adjacent the distal end of the optical fiber, that is, me end 
inside the urethra. The light source may be, for example, a second optical fiber 
provided with light from a source at the proximal end of the catheter, or may be a 
light emitting diode (LED) adjacent the distal end of the catheter powered by an 
' 20 electrical source at the proximal end of the catheter via conductors which extend 
along the length of the catheter from its proximal end to its distal end. 

Additionally or alternatively illustratively according to this aspect of 
the invention, the visualization may be by means of one or more of the ultrasound 
transducers driven in, for example, a pulse-echo mode to provide (an) ultrasound 
25 image(s) of the progress of the treatment. The ultrasound image(s) can be converted 
by known techniques into (a) video image(s). Such visualization mechanisms permit 
the progress of the treatment to be monitored, regardless of the mechanism of 
treatment. 

Illustratively according to this aspect of the invention, the catheter can 
30 be of any of a number of suitable types, including catheters with stiffening members, 
braided catheters and catheters with braided sheaths to permit the transmission of 
torque down the length of the catheter. This aids in the manipulation of the remote 
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Further, if segmented transducers 30 of the type illustrated fa, for example 
WO 99/49788 are used fa some on. or more of tie illustrated positions, the effective 
focus of each such segmemed transducer 30 canbe alteredhy appropriately phasing 
the drive signals to the various segments of that respective transducer, and the 
5 composite focus of the array of transducers 30 can be altered as well. The net effect 
of effective HTFU treatment of diseased prostate tissue 18 is that the patient 
experiences progressively better and better urine flow ova the period while 
reabsorption of the necrosed tissue progresses until all of the necrosed prostate tissue 
18 has finally been reabsorbed and recovery is complete. A means, such as the 
10 thermocouple^) 60 illustrated fa Fig. 4, can be provided adjacent the transduce^) 30 
for momtormg the temperatures adjacent the transducers) 30. This feedback can be 
helpful fa treatment, bM is ^ he]p& , „ ^ ^ ^ ^ ^ ^ 

to overheating. The conductors for couphng the thermocouples 60 to the control 
system for the transducers 30 can beprovided along wim conductors 54falumen26. 

Different ultrasound transducer excitation frequencies and powers can 
be employed which promote cavitation as the treatment modality, rather than HTFU 
Cavitation ,s ordinarily conducted at somewhat lower excitation powers and 
fteojrencies, with frequencies typically ranging fa the hundreds of Hlohertz and 
powers in the watts per square centimeter to tens of watts per squat, centimeter range 
asopposedtomFUwrnchiso^ycond^aat^^^^^ ' 

megahertz and powers fa me hundreds of watts to kilowatts per so^are centimeter 

over short duty cycles. 

If cavitation is the mechanism of treatment, the treated prostate 

andwater.presentmmetissue 18. Cavitation can also be promoted by "seeding » for 
example, by irrigating the treatment site with, for example, carbonated water instead 
ofdegassedwa.er.ormixedwimdegassedwater. The resulting tissue debris may 
remain atthe debridement site. However, leaving** tissue debris mere may result in 
tomer comphcations, and so, the catheter .0 may be provided with a mechanism for 
removal of the debris. One suchmechanism is a lumen 62 fathe catheter 10 coupled 
at * proximal end 20 to the cooling and irrigating fluid source 38. This source 38 
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may be, for example, a source of degassed water maintained at a temperature mat 
permits its use not only as an irrigation medium for the treatment site, but also as a 
cooling medium for the 1ransducer(s) 30. As the medium flows through the treatment 
field, as illustrated by arrows 64 in Fig. 2, the catheter 10 can be so configured that 
the medium flows over the transducer(s) 30, cooling it (them). 

The irrigation/cooling medium also picks up debris and flushes the 
debris away, for example, through another lumen 66 provided in the cameter 10, or 
via the urethra 16 to the bladder 12, from which the debris may contemporaneously or 
later be evacuated, for example, by the application of a vacuum at the proximal end of 
a lumen 68, or by the patient emptying his bladder 12. If lumen 68 is provided in the 
catheter 10 for the evacuation of the debris-laden irrigation/cooling medium, this 
lumen 68 can be provided with a continuous vacuum 70 to assist in me removal of 
debris occasioned by me cavitation debridement. 

The catheter 10's own visualization mechanism of the type described 
15 above, or a mechanism of the type described in, for example, the above referenced 
W0 99/49788,orX-rayormelike,maybeusedtodetermme^ 
transducers) 30 at the treatment site. Visualization can also be achieved by driving 
the ultrasound transducer^) 30 in apulse-echo mode to provide an ultrasound image 
of the progress of the treatment. The ultrasound image can be converted by known 
20 techniques into a video image on monitor 46. Such visualization mechanisms can 
permit the progress of the treatment to be monitored and controlled, regardless of the 
mechanism of treatment. 



10 



This visualization option is illustrated in Fig. 3. There, a switch 72 is 
provided to switch the power source, which may be, for example, a Focus Surgery 

25 Inc., Sonablate™ model 500™ ultrasound driver/receiver, for driving the 

transducers) 30 from a therapy power source 74, which may be either a cavitation 
inducing power and frequency power source or a HIFU therapy power source, as 
previously discussed, to a pulse-echo mode power supply 76 which sends out'high 
frequency visualization pulses into me tissue 18 being treated, receives the echoes 

30 from the tissue 18, and then converts the received echoes into one or more images in 
one or more known formats, for example, A mode, B mode, M mode, and so on of 
the tissue 18 under treatment for display on the monitor 46. A feedback loop 
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incorporating, for example, a PC (not shown), can also be employed to modulate the 
power supplied to the transducers) 30 as a result of the visualized progress of the 
treatment. If the transducer arrangement illustrated in Fig. 5 is used, standard 
beamforming techniques can be used to generate true two dimensional (2-D) images. 
5 The 1ransducer(s) 30 itself (themselves) may be (a) non-segmented 

type, as shown in Figs. 2, 4, and 6, or a segmented type as illustrated in the above- 
identified WO 99/49788, or a segmented transducer 130, as shown, for example, in 
Fig. 5. When the segmented type transducer 130 is employed, the segments can be 
driven pairwise, groupwise, and/or sequentially to provide a variable depth of focus a 
steerable ultrasound beam, and the like. A thermocouple, like thermocouples 60 
illustrated in Fig. 4, for example, may also be provided for each segment, or for a 
group of segments, of the segmented transducer 130. 

ThecatheterlOcanbeofanyofanumberofsuitabletypes. Onesuch 
type may include braided catheters and Ihose with braided sheaths to permit the 
transmission of torque down the length of the catheter 10. This aids in the 
manipulation of the distal end 22 of the catheter 10 into various orientations necessary 
for effective visualization and therapy. As illustrated in Fig. 6, a stiffening member 
80 such as, for example, a min metal strip, can be provided to transmit torque from 
the proximal end 20 to the distal end 22 of the catheter 10. By driving member 80 
transduces) 30, 130 can be reaimed in order to treat a different tissue 1 8 volume. 
Member 80 can also serve as a ground conductor for the transducers) 30, 130 the 
light source 48 (if an LED at the distal end 22 is used as the light source),' and so on. 
A lumen 82 is also provided for inflating fluid for the balloon 24 if the catheter 10 is 
provided with a balloon 24. 

As shown in Figs. 8 and 9, the transducers) may also be (a) 
cylindrical, or part-cylindrical, type(s), which is (are) unfocused, for example, when 
the treatment modality is cavitation. Transducer 140 illustrated in Fig. 8 is cylindrical 
in shape and is used with the catheter 10 in the cavitation mode. Because the 
transducer 140 is cylindrical in shape, the wave which is producedby it propagates 
radially outward in all directions from its axis. Transducer 142 illustrated in Fig 9 
can also be used for cavitation. Transducer 142 has a part-circular, or sectoral, cross- 
secnon which can be used to propagate a cavitating ultrasound wave radially outward 
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from its axis through a somewhat pie-shaped sector of tissue. The ultrasound wave 
producedby to ducerl42i S simi to l y unf 0 cu S ed. The transducers 140, 142 will 
typically extend coaxially with the catheter 1 0, but mat is not essential to practice the 
invention. 

5 Fig. 7 illustrates another catheter cross sectional configuration. In Ms 

configuration, a catheter 10 is closed in tie region 50 of the catheter 10 where the 
transduce*) 30, ,30, .40, 142 is (are) mounted. A cavity 144 is thus provided for 
the transducer© 30, !30, 140, 142. Ms mechanicaHy isolates the transduces) 30 
130, 140, !42 somewhat from the tissue .8, providing some greater measure of 

) protecnonforbottthecatteter lOaadtissue 18 from unintended damage by the otter 
The covering over the transducer© 30, 130, 140, 142 in region 50 is of a type that 
pernntepropagationoffteHirottoughit^ 
distortion of the ultrasound beam. 

The cooling fluid flows from source 38 through a lumen as described 
above to the cavity 144. If the same coding fluid is to be used for irrigation of 
course, openings (not shown) can be provided for the flow of the fluid from tte cavity 
144 outward into the urettra 16 and/or the bladder 12. The cooling fluid runs through 
cavuy 144overtransduo=r(s)30, 130, t40, !42, and, where i, is (they are) present 
tt^oc^ple^Otoordertomatatatote^ 

130, 140, 142 at (an) appropriate level(s). The cooling and irrigation fluid or 

ts then removed from the catheter 10 through hunen 66. Electrical service is fIovim 
for the transducer© 30, 130, 140, 142, ttermocouple© 60, LED 48 (where an LED 
48 ts employed as the Ugh. source), and all otter electrical requirements, through 

lumen26.F m an y ,lum m8 2isprovidedtoir^anddefla te baDoon24,whe re 

balloon 24 is present. 
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CLAIMS: 



1 . A method of treating tissue including (a) providing a catheter 
having proximal and distal ends, a lumen extending between the proximal and distal 
5 ends, multiple ultrasound transducers adjacent the distal end, the transducers capable 
of transmitting sufficient power for high intensity focused ultrasound (HIFU) therapy, 
and a device for monitoring the.temperature adjacent the transducers, (b) orienting the 
transducers adjacent the treatment region, (c) exciting the transducers to treat the 
tissue, and (d) flushing fluid over the transducers. 
10 2. The method of claim 1 wherein providing the transducers 

includes providing transducers capable of transmitting sufficient power to achieve 
treatment by at least one of HIFU-induced tissue ablation and cavitation. 

3 . The method of claim 2 wherein providing the transducers 
includes providing transducers capable of transmitting sufficient power to achieve 

1 5 treatment by HIFU-induced tissue ablation, the method further including permitting 
the treated tissue to be reabsorbed by the body. 

4. The method of claim 2 wherein providing the transducers 
includes providing transducers capable of transmitting sufficient power to achieve 
treatment by cavitation, and (c) excitiug the transducers to treat the tissue includes 

20 mechanically destroying the treated tissue by cavitation. 

5. The method of claim 1 wherein (a) providing a catheter 
includes providing a second lumen through the catheter between the proximal and 
distal ends, the method further including applying a vacuum to remove fluid. 

6. The method of claim 1 further including discharging the fluid 
25 into the body of the patient whose tissue is undergoing treatment. 

7. The method of claim 1 wherein (a) providing a catheter further 
includes providing an optical fiber which extends to the distal end of the catheter and 
providing a light source adjacent the distal end of the catheter. 

8 . The method of claim 7 wherein providing a light source 

30 adjacent the distal end of the catheter includes providing a second optical fiber which 
extends between the proximal and distal ends of the catheter and providing a light 
adjacent the proximal end of the catheter. 
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9. The method of claim 7 wherein providing a light source 
adjacent the distal end of the catheter includes providing a light emitting diode (LED) 
adjacent the distal end, providing an electrical source, and providing conductors 
between the electrical source and the LED. 
5 10. The method of claim 1 further including driving at least one of 

the transducers in a visualization mode to provide an ultrasound image of the progress 
of the treatment. 

1 1 . The method of claim 10 wherein driving at least one of the 
transducers in a visualization mode includes driving at least one of the transducers in 

10 a pulse-echo mode to provide an ultrasound image of the progress of the treatment. 

12. The method of claim 10 further including converting the 
ultrasound image into a video image. 

13. The method of claim 1 wherein (a) providing a catheter 
includes providing a braided catheter. 

15 14. The method of claim 1 wherein (a) providing a catheter 

includes providing a catheter with a braided sheath. 

15. The method of claim 1 wherein (a) providing a catheter 
includes providing a catheter with a stiffening member. 

16. The method of claim 1 wherein (a) providing a catheter 

20 including a device for monitoring the temperature adjacent the transducers includes 
providing in the catheter a thermocouple oriented adjacent the transducers. 

17. The method of claim 1 wherein (a) providing a catheter having 
multiple ultrasound transducers adjacent its distal end includes providing at least one 
segmented transducer. 

25 18. The method of claim 1 wherein (a) providing a catheter having 

multiple ultrasound transducers adjacent its distal end includes providing at least one 

part-cylindrical transducer. 

19. The method of claim 1 wherein (a) providing a catheter 

includes providing a catheter including an opening adjacent its distal end, providing 
30 the transducers adjacent the opening so that, when excited, the transducers radiate 

energy through the opening, and providing a fluid-impermeable, sonolucent covering 
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over the opening to retain fluid in the catheter while permitting ultrasound energy to 

pass from the catheter and return to the catheter. 

20. Apparatus for treating tissue including a catheter having 

proximal and distal ends, a lumen extending between the proximal and distal ends, 
5 multiple ultrasound transducers adjacent the distal end, the transducers capable of 

transmitting sufficient power for high intensity focused ultrasound (HIFU) therapy, a 

device for monitoring the temjperature adjacent the transducers, at least one transducer 

driver for exciting the transducers to treat the tissue, and a source providing a flow of 

fluid through the lumen and over the transducers. 
10 21. The apparatus of claim 20 wherein the transducers are capable 

of transmitting sufficient power to achieve treatment by at least one of IflFU-induced 

tissue ablation and cavitation. 

22. The apparatus of claim 21 wherein the transducers are capable 
of transmitting sufficient power to achieve treatment by HIFU-induced tissue 

15 ablation. 

23. The apparatus of claim 21 wherein the transducers are capable 
of transmitting sufficient power to achieve treatment by cavitation. 

24. The apparatus of claim 20, the catheter further including a 
second lumen extending between the proximal and distal ends, and means for 

20 applying a vacuum to the proximal end of the second lumen to recover fluid. 

25. The apparatus of claim 20 further including an opening from 
the first lumen adjacent the distal end permitting discharging of the fluid into the body 
of the patient whose tissue is undergoing treatment. 

26. The apparatus of claim 20 further including an optical fiber 
25 which extends to the distal end of the catheter and a light source adjacent the distal 

end of the catheter. 

27. The apparatus of claim 26 wherein the light source includes a 
second optical fiber which extends between the proximal and distal ends of the 
catheter and a light adjacent the proximal end of the second optical fiber. 

30 28. The apparatus of claim 26 wherein the light source includes a 

light emitting diode (LED) adjacent the distal end, an electrical source, and 
conductors which extend between the electrical source and the LED. 
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29. The apparatus of claim 20 wherein the at least one transducer 
driver includes a driver for driving at least- one of the transducers in a visualization 
mode to provide an ultrasound image of the tissue. 

30. The apparatus of claim 29 wherein driver for driving at least 

5 one of the transducers in a visualization mode includes a driver for driving the at least 
one of the transducers in a pulse-echo mode to provide an ultrasound image of the 
tissue. 

3 1 . The apparatus of claim 29 further including an image converter 
for converting the ultrasound image into a video image. 

10 32. The apparatus of claim 20 wherein the catheter includes a 

braided catheter. 

33. The apparatus of claim 20 wherein the catheter includes a 
braided sheath. ^ 

34. The apparatus of claim 20 wherein the catheter includes a 
1 5 stiffening member. 

35. The apparatus of claim 20 wherein the device for monitoring 
the temperature adjacent the transducers includes a thermocouple oriented adjacent 
the transducers. 

36. The apparatus of claim 20 wherein the multiple transducers 
20 include at least one segmented transducer. 

37. The apparatus of claim 20 wherein the multiple transducers 
include at least one part-cylindrical transducer. 

38. The apparatus of claim 20 wherein the catheter includes an 
opening adjacent its distal end, the transducers being oriented adjacent the opening so 

25 that, when excited, the transducers radiate energy through the opening, the apparatus 
further including a fluid-impermeable, sonolucent covering over the opening to retain 
fluid in the catheter while permitting ultrasound energy to pass from the catheter and 
return to the catheter. 
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